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(54) A corrosion protective coating for a metallic article and a method of applying a corrosion 
protective coating to a metallic article 



(57) A corrosion protective coating (22) for the root 
(18) of a superalloy turbine blade (10) comprises a plat- 
inum enriched outer layer (24) on the root (1 8) of the tur- 
bine blade (10) and an alumina layer (26) on the 
platinum enriched outer layer (24), The platinum 
enriched layer (24) comprises platinum enriched 
gamma prime phase (36) in a platinum enriched 



gamma phase (34) matrix. The ' corrosion protective 
coating (22) provides protection against low tempera- 
ture corrosion, high temperature corrosion and oxida- 
tion. The platinum enriched layer (24) is provided with a 
compressive stress to improve fatigue life. 
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Description 

[0001] The present invention relates to a protective coating for nnetallic articles and a method of applying a protec- 
tive coating to a metallic article. The present invention relates in particular to a protective coating for a nickel base 
5 • superalloy article or a cobalt base superalloy article. 

[0002] Conventional environmental protective coatings for nickel base superalloys. cobalt base superalloys and iron 
base superalloys include aluminide coatings, platinum modified aluminide coatings or chromium modified aluminide 
coatings for high temperature oxidation and Type 1 corrosion resistance. 

[0003] Conventional environmental protective coatings for nickel base superalloys. cobalt base superalloys and iron 
10 base superalloys Include suicide modified aluminide coatings or chromised coatings for lower temperature Type 2 cor- 
rosion resistance. . . . 
[0004] Aluminide coatings are generally applied by the well-known pack aluminising, out of pack aluminising or 
slurry aluminising processes. Platinum coatings are generally applied by electroplating, sputtering, or physical vapour 
deposition processes. Chromium coatings are generally applied by pack chromising or out of pack vapour chromising. 
15 Suicide coatings are generally applied by slurry aluminising. 

[0005] It has been found that the roots, shanks and intemal cooling passages of the turbine blades are suffering 
corrosion, particularly low chromium nickel base superalloy turbine blades. The roots, shanks and internal cooling pas- 
sages of the turbine blades suffer from Type 2 corrosion, this is a particular problem at low temperatures, below about 
850*»C. The corrosion may lead to stress cracking of the aerofoils and/or roots of the turbine blades. 
20 [0006] In the case of turbine blades, or turbine vanes, for gas turbine engines it is known to provide more than one 
environmental protective coating if more than one type of oxidation or corrosion is experienced. 

[0007] Platinum aluminide coatings may be provided on the aerofoils of the turbine blades and chromised coatings 
may be provided on the shanks, roots and internal cooling passages of the turbine blade to provide environmental pro- 
tection. 

25 [0008] However, it has been found that for some metallic articles, that once the chromised coating has been pene- 
trated by the con-osion, the con-osion of the underiying metallic article occurs at a greater rate than a metallic article 
without a chromised coating. . 
[0009] Platinum aluminide coatings may be provided on the aerofoils of the turbine blades and silicon aluminide 
coatings may be provided on the shanks, iroots and internal cooling air passages of the turbine blade to provide envir 

30 ronmental protection. . ■ i • - 

[001 0] However, the silicon aliirninide coating provides very good con-osion resistance but the silicon aluminide is 
brittlWsuiffere from cracidng and istheref^ 

[0011] Additionally any coating for the root of the turiDine blade must rjot impair the fatigue fife of the root, shank or 
other portion of the turt^ine blade to such an extent that the turiaine blade is unusable for practical purposes. 
35 [001 2] Accordingly the present invention seeks to provide a novel corrosion protective coating for a metallic article 
and a novel method of applying a corrosion protective coating to a metallic article which reduces, preferably overcomes, 
the above mentioned problems. 

[0013] Accordingly the present invention provides a con-osion protective coating for a metallic article, the metallic 
article having at least one highly stressed region, the metallic article comprising a gamma phase and a gamma prime 
40 phase, the corrosion protective coating being arranged on the at least one highly stressed region of the metallic article, 
the corrosion protective coating comprising a platinum -group metal enriched outer layer on the metallic article, the outer 
layer of the metallic article predominantly comprising a platinum-group metal enriched gamma phase and a platinum- 
group metal enriched gamma prime phase. 

[0014] Preferably the platinum-group metal enriched outer layer has a compressive stress. 
45 [0015] Preferably the con-osion protective coating comprises a thin layer of oxide on the platinum-group metal 
enriched outer layer of the metallic article. 
[0016] Preferably the platinum-group metal is platinum. 

[0017] Preferably the platinum -group metal enriched outer layer of the metallic article comprises a controlled 
amount of silicon, aluminium or chromium. 
50 [001 8] Preferably the metallic article comprises a nickel base superalloy or a cobalt base superalloy. 

[0019] Preferably the metallic article comprises a turtDine blade or a turbine vane. Preferably the coating is on the 
root and/or shank of the turbine blade. 

[0020] The present invention also provides a method of applying a con-osion protective coating to a metallic article, 
the metallic article having at least one highly stressed region, comprising the steps of:- 

^ applying a layer of platinum-group metal to tiie at least one highly stressed region of the metallic article, the metallic 
article comprises a gamma phase and a gamma prime phase, 

heat treating tiie metallic article to diffuse the platinum-group metal into the metallic article and thereby create a 
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platinum-group metal enriched outer layer on the metallic article, the heat treatment being earned out at a temper- 
ature and for a time sufficient such that the platinum-group metal enriched outer layer of the metallic article predom- 
inantly comprises a platinum-group metal enriched gamma phase and a platinum-group metal enriched gamma 
prime phase. 

5 

[0021 ] Preferably a compressive stress is produced in the platinum-group metal enriched outer layer on the metallic 

article. 

[0022] Preferably the method comprises fomning a thin layer of oxide on the platinum-group metat enrfched outer 
layer of the metallic article. 

w [0023] Preferably the heat treatment is can-led out at a temperature of 1 000'»C to 1200**C. More preferably the heat 

treatment is carried out at a temperature of 1 lOO^C to 1200**C. 

[0024] Preferably the heat treatment is carried out for up to 6 hours. More preferably the heat treatment is carried 
out for up to 2 hours. 

[0025] Preferably the platinum-group metal is applied by electroplating, physical vapour deposition, chemical 
15 vapour deposition, plasma assisted chemical vapour deposition. 
[0026] Preferably the platinum-group metal is platinum. 

[0027] Preferably the thickness of the layer of platinum-group metal as applied before heat treatment being 
between 2 micrometers and 12 micrometers. More preferably the thickness of the layer of platinum-group metal as 
applied before heat treatment is in the range 6 to 8 micrometers. 
20 [0028] Preferably the thin adherent layer of oxide is formed by heating the platinum-group metal enriched outer 
layer in an oxygen containing atmosphere. 

[0029] Preferably a controlled amount of silicon, aluminium or chromium is applied with or to the layer of platinum- 
group metal. 

[0030] Preferably the metallic article comprises a nickel base superalloy or a cobalt base superalioy. 
25 [0031] Preferably the metallic article comprises a turbine blade or a turbine vane. Preferably the coating is applied 
to the root and/or shank of the turbine blade. 

[0032] Preferably the producing of the compressive stress in the platinum-group metal enriched. outer layer on the 
metallic artfcle comprises shot peeningjaser shock peening or other suitable methods of peening ' 
[0033] Preferably the shot peenihg comprises directing metgl particles or ceramic particles onto the platinum-group 
30 metal enriched outer layer on the metallic article. . 

[0034] The present i rive ntion will be more fully described by way of iexample with reference to the accompanying 7. 
drawings in which:,- , ... ; ./ . ■ , . . . 

Figure 1 shows a metallic turbine blade having a protective coating according to the present invention. " " ' 
35 Figure 2 is a cross-sectional view through the metallic turbine blade and protective coating shown in figure 1 . 

Figure 3 is an enlarged cross-sectional view through the metallic turbine blade and protective coating shown in fig- 
ure 1 . 

Figure 4 is a graph showing corrosion rate against temperature for a metallic turbine blade without a protective 
coating. 

40 Figure 5 is a graph showing the low cycle fatigue at 650**C for metallic turbine blades with no coating and with var- 

ious protective coatings. 

Figure 6 is a graph showing the notched low cycle fatigue at 650**C, kt = 2.29 for metallks turbine blades with no 
coating and with various protective coatings. 

45 [0035] A gas turbine engine blade 10, as shown in figure 1 , comprises an aerofoil 12, a platform 14, ashank 16 and 
a root 1 8. The turbine blade 1 0 has internal cooling air passages 28. The aerofoil 1 2 and the platform 1 4 of the turbine 
blade 1 0 have a protective coating 20 of platinum alumlnide. The platinum aluminide coating 20 is preferably applied to 
all of the aerofoil 12 and that surface of the platfomi 14, which in use contacts the gas flowing through the turbine. The 
shank 1 6 and the root 1 8 of the turbine blade 10 have a protective coating 22 according to the present invention. Alter- 

50 natively the protective coating 22 may be applied to any regions of the turbine blade 1 0 which suffer from low tempera- 
ture corrosion and/or high temperature corrosion and oxidation, for example the internal cooling passages 28 of the 
turbine blade 10. 

[0036] The metallic turiaine blade 10 and protective coating 22 are shown more clearty in figures 2 and 3. The pro- 
tective coating 22 comprises a platinum-group metal enriched layer 24 on the sur^ce of the metallk: article 10 and a 
55 thin oxide layer 26 on the platinum-group metal enriched layer 24. The metallic turbine blade 10 is manufactured from 
a nickel base superalloy, a cobalt base superalloy or other alloy with gamma prime phases in a gamma phase matrix. 
[0037] The coating 22 is produced by firstly cleaning the surface of the metallic turbine blade 1 0 by grit blasting with 
fine alumina grit and then degreasing. A layer of platinum-group metal of substantially constant thickness is deposited 
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on the metallic turbine blade 10. The platinum-group metal is deposited to a thickness between 2 micrometers and 12 

micrometers. 

[0038] The thickness of the platinum-group metal is selected according to the requirements of the coating. A thick 
layer, at least 6 micrometers, of platinum-group metal will provide excellent corrosion resistance. A thin layer, less than 
5 6 micrometers, of platinum-group metal will provide less con-osion resistance than 6 micrometers of platinum-group 

metal. - * 

[0039] The platinum is deposited by electroplating, chemical vapour deposition, physical vapour deposition tor 
example sputtering, plasma assisted chemical vapour deposition or any other suitable process. The chemical vapour 
deposition n.ay be used to deposit the platinum-group metal on the surfaces of the internal cooling air passages 28. 

10 [0040] The platinum-group metal-coated metallic turbine blade 1 0 is then diffusion heat treated so as to cause the 
platinum-group metal layer to combine with the alloy of the metallic turbine blade 10. This provides the platinum-group 
metal enriched layer 24 on the metallic turbine blade 1 0. The diffusion heat treatment is achieved by heating the metallic 
turbine blade 1 0 to a temperature in the range of 1 0OO^C to 1 200«C. preferably 1 1 00**C to 1 200^C. The heat treatment 
is either a heat treatment in vacuum conditions or heat treatment in a partial pressure of an inert gas, for example argon. 

15 [0041] The microstructure of the metallic turbine blade 1 0 and the platinum-group metal enriched layer 24 is shown 
in figure 3. The metallic tufbine blade 10 is manufactured from a nickel base superalloy. a cobalt base superalloy or 
other alloy which comprises a gamma prime phase matrix 30 and a gamma prime phase 32 in the gamma phase matrix 
30. The platinum-group metal enriched layer 24 comprises a platinum-group metal enriched gamma phase matrix 34 
and a platinum-group metal enriched gamma prime phase 36 in the platinum-group metal enriched gamma phase 

20 matrix 34. A layer 38 is formed in the metallic turbine blade 1 0 below the platinum-group metal enriched layer 24 which 
does not have any gamma prime phase 32. The heat treatment causes the aluminium in the gamma prime phase in the 
layer 38 to move to the platinum-group metal layer and hence breaks down the gamma prime phase due to aluminium's 
greater chemical affinity for platinum -group metal. 

[0042] Any platinum-group metal may be used for example palladium, rhodium, iridium, however platinum is the 
25 prefen-ed platinum-group metal. It may be possible to use a combination of two or more of the platinum-group metals 
for example platinum and rhodium, platinum and palladium or palladium and rtiodium etc. 

[0043] The heat treatrnent of a 7im thick layer of platinum into, the nickel base superalloy results in a platinum 
enriched outer layer about 25\im-30\Lm thick. The heat treatment of a 4^im thick layer of platinum into the nickel base 
superalloy results in a platinum enriched outer layer about 12|xm-15fim thick. ^ 

30 [0044] - It'was mitially believed that increasing the thickness of the platinum-group metal reduced the fatigue life. 
However, it is how believed that as long as the platinum-group metal enriched gamma phase and platinum-group metal 
• enriched gamma prime phase layer is produced the fatigue life is not reduced because a ductile layer is. produced. It is 
' preferred that 6-8 micrometers, preferably 7 rinicrometers, of platinum-group metal are deposited onto the nickel base 
superalloy and diffused into the nickel base superalloy to produce the platinum enriched layer. This will provide excellent 

35 corrosion resistance and strain to crack and fatigue life better than aluminide coatings. 

[0045] The platinum enriched layer comprises an outer zon e, an intemiediate zone and an inner zone. The outer 
zone comprises about 45 wt% P t, about 35 wt% Ni, about 4.5 wt% Al, about 5 wt% Co, about 1 wt% Re and about 3 
wt% each of Ta, W and Cr. The intermediate zone comprises 30-45 wt% Pt . 35-42 wt% Ni. 3-4.5 wt% Al. 4-8 wt% Co, 
3-6 wt% W. 3-6 wt% Cr and about 4 wt% Ta. The inner zone comprises 10-25 wt% Pt, 42-55 wt% Ni. about 3 wt*»/o Al. 

40 about 3.5 wt% Ta and the levels of Co, Cr, W Re are the same as in the ntekel base superalloy. 

[0046] The platinum-group metal enriched layer 24 is then treated so as to produce a compressive stress in the 
platinum-group metal enriched layer 24 to increase the fatigue life of the platinum-group metal enriched layer 24. The 
roots 18, in particular, need to resist both low and high cycle fatigue and in particular low cycle fatigue. The provision of 
the compressive stress in the platinum-group metal enriched layer 24 enables the coating 22 to be used in regions 

45 which experience fatigue, for example the roots 1 8 and the shanks 1 6. 

[0047] The platinum-group rnetal enriched layer 24 is treated to provide the compressive stress by peening or other 
suitable process. The peening may comprise shot peening, laser shock peening or other suitable peening processes. 
The shot peening process may comprise directing metal, or ceramic, particles onto the surface of the platinum-group 
metal enriched layer 24 at ambient temperature. The shot peening may use gravity fed particles or pressure fed parti- 

50 cles. 

[0048] It may also be possible to add controlled amounts of silicon, aluminium and chromium into the platinum- 
group metal layer to enhance the corrosion resistance. 

[0049] Rgure 4 is a graph showing the corrosion rate of a typical nickel base superalloy The graph indicates that 
there are two peaks of corrosion, one at approximately 720«C. Type 2 corrosion, and another at approximately 800*>C. 
55 Type 1 corrosion. 

[0050] The peak of corrosion occurring at 720*»C is due to attack of the nickel base superalloy by sulphates (SO3). 
The sulphates from sodium sulphate (Na2S04) and potassium sulphate (K2SO4) react with nickel oxide (NiO) and 
cobalt oxide (CoO) on the surface of the CMSX4 to fbrni low melting point compounds nickel sulphate (NiS04) cobalt 
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sulphate (C0SO4). These compounds then attack the nickel base superalloy deeper within the article to form more 
nickel sulphate and cobalt sulphate. 

[0051] The peak of corrosion occurring at 800°C is due to attack of the nickel base superalloy by chlorides. The 
chloride from sodium chloride reacts with the protective oxide layer and underlying nickel base superalloy, 
5 [0052] The con-osion reduces between 720®C and 800*»C because at these temperatures the sulphates are no 
longer present. The corrosion reduces at 850*'C because the chloride is above its dew point Above 850**C the nickel 
base superalloy suffers from oxidation. 

[0053] In a series of tests, samples of uncoated nickel base superalloys were tested for corrosion resistance at a 
temperature of 700**C for 100, 200 and 500 hours and the results are shown in Table 1. Table 1 shows the average and 

10 maximum pit depth of corrosion In micrometers for various nickel base superalloys at a temperature of 700**C. 

[0054] In another series of tests, samples of uncoated nickel base superalloys were tested for corrosion resistance 
at a temperature of 750*C for 1 00, 200 and 500 hours and the results are shown in Table 2. Table 2 shows the average 
and maximum pit depth of corrosion in micrometers for various nickel base superalloys at a temperature of 750**C. 
[0055] In another series of tests, samples of nickel base superalloys with various protective coatings were tested 

15 for con-osion resistance at a temperature of 700*C for 1 00. 200 and 500 hours and the results are shown in Table 3. 
Table 3 shows the average and maximum pit depth of corrosion in micrometers for various nickel base superalloys with 
different protective coatings at a temperature of 700®C. 

[0056] In a final series of tests, samples of nickel base superalloys with various protective coatings were tested for 
corrosion resistance at a temperature of 750°C for 100, 200 and 500 hours and the results are shown in Table 4. Table 
20 4 shows the average and maximum pit depth of corrosion in micrometers for various nickel base superalloys with differ- 
ent protective coatings at a temperature of 750®C. 

[0057] In the tests conventional chromised and aluminised coatings were used and a platinum layer of 6-microme- 
ter thickness heat treated for 2 hours at a temperature of 1 1 00**C was used. The tests involved subjecting the samples 
to air with sulphur dioxide at 300 volume parts per million with ash recoat. which is normal sea salt, every 20 hours with 
25 a salt concentration of 0.6 mg per square centimetre. 

[0058] The nickel base superalloys tested were CMSX4, CMSX1 0 and MARM-002. CMSX4 and CMSX10 are trade 
names of the Cannon-Muskegon Corporation of 2875 Lincoln Street. Muskegon, Michigan, Ml 49443-0506. USA. 
CMSX4 has a nominal composition of 6.4wt% tungsten, 9.5wt% cobalt, 6:5wt% chromium, 3.0wt% riienium, 5.6wt% 
^luminium, 6. 5 wt% tantalum, 1 .0wt«/o titanium, 0.1 wt% hafnium, 0.6wt% molybdenum, 0.006wt% cartoon and the bal- 
30 knee is nickel. CMSXI 0 has a nominal composition of 5.5wt% tungsten, 3.3wt% cobalt, 2.2wt% chromium, 6.3wt% rhe- 
. ... nium. .5.75wt% aluminium, 8.3wt% tantalum, 0.23 wt% titanium, 0.05wt% hafnium. 0.4wt% molybdenum; O.lwt^/o 
niobium and the balance is nickel. MARM-002 is a trade name of the Martin Marietta Corporation, of Bethesda, Mary- 
land. USA MARM-002 has a nominal composition of 10wt% tungsten, 10wt% cobalt, 9wt% chromium, 5.5wt% alumin- 
ium, 2.5wt% tantalum, 1.5wt% titaniunii 1.5wt% hafnium. 0.15wt% carbon and the balance nfckel. . " ' ? 
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Table 1 



40 



45 



Time 


100 Hrs 


200 Hrs 


500 Hrs 


1000 Hrs 


Superalloy 


Av 


Max 


Av 


Max 


Av 


Max 


Av 


Max 


CMSX4 


15 


52 


61 


79 


183 


359 


350 


510 


MARM-002 


8 


29 


15 


160 


6 


20 


147 


202 


CMSXI 0 


12 


38 


96 


156 


104 


170 
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55 



Time 


100 Hrs 


200 Hrs 


500 Hrs 


Superalloy 


Av 


Max 


Av 


Max 


Av 


Max 


CMSX4 


3.8 


6,4 


2.9 


12 


4.3 


59 


MARM-002 


4.3 


9.9 


2.3 


9.4 


28 


131 


CMSXI 0 


6.7 


27.5 


10.5 


48 
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Table 3 



to 



Time 


100 Hrs 


200 Hrs 


500 Hrs 


1000 Hr 


5 


Superalloy 


Av 


Max 


Av 


Max 


Av 


Max 


Av 


Max 


CMSX4/Chromium 


14 


42 


1.5 


6.3 


72 


243 


50 


160 


CIS/I3X1 0/Chromium 


14.5 


35 


4.2 


25 


86 


172 


280 


374 


CMSX4/Aluminium 


2.2 


4.2 


4.5 


7.6 


0 


3.6 


0 


0 


CMSX4/Platinum 


2.6 


3.9 


1.6 


6.5 


0 


1.8 


1.1 


2.3 



25 



Table 4 



Time 


100 Hrs 


200 Hrs 


500 Hrs 


Superalloy 


Av 


Max 


Av 


Max 


Av 


Max 


CMSX4/Chromium 


14.5 


35 


7.8 


82 


10 


38 


CMSX1 0/Chromium 


5.8 


43.5 


4 


99 


145 


303 


CMSX4/Aluminlum 


2.0 


4.5 


4.4 


9.4 


20 


82 


CMSX4/Platmum 


2.6 


3.9 


0 


8.4 


0 


2.5 



30 



35 



40 



45 



SO 
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^ [0059] It can be seen from Tables 3 and 4 that the platinum coating on the CMSX4 provides better protection than 
the aluminide coating on CMSX4 and the chromised coating on CMSX4. 

[0060] It is befieved that the platinum-group metal enriched layer on the metallic turbine blade provides protection 
against Type 2. sulphate corrosion, protection against Type 1 , chloride corrosion, and protection against oxidation. 
[0061] The platinum-group metal enriched layer firstly reduces the amount of nickel and/or cobalt at the surface of 
the metallic turbine blade available for reaction with the sulphate to form nickel sulphate and/or cobalt sulphate. This is 
because the platinum-group metal replaces the nickel and/or cobalt by substitution in the platinum-group metal 
enriched outer layer of the metallic turbine blade. Secondly the oxide layer on the platinum-group metal outer layer 
fonns a protective layer, of alumina. The oxide layer forms a barrier to reduce, or prevent, nickel and/or cobalt reaching 
the surface to react with the sulphate to form nickel sulphate and/or cobalt sulphate. The oxide layer either fomns during 
the heat treatment due to small levels of oxygen present during heat treatment or fomns during use of the metallic arti- 
cle. The platinum-group metal enriched outer layer helps to maintain the oxide layer. The platinum-group metal enriched 
gamma phase and the platinum-group metal enriched gamma prime phase reduces the rate of diffusion of the nickel 
and other corrosion promoting elements to the surface. 

[0062] The oxide layer forms a barrier to reduce, or prevent, the chloride attacking the metallic turbine blade. The 
oxide layer forms a barrier to reduce, or prevent, the oxidation of the metallic turbine blade. 

[0063] In another series of tests the effect of producing a compressive stress in the platinum-group metal enriched 
layer was assessed. It is important that the introduction of the compressive stress does not result in cracking, or shear- 
ing, parallel to the surface of the platinum-group metal enriched layer, delamination of the platinum-group metal 
enriched layer or cracking perpendicular to the surface of the platinum-group metal enriched layer. 
[0064] In a first test 1 1 0R steel shot, steel shot of 1 1 /1 000 inch (2.7 x 1 0^^m or 270|am) diameter and regular hard- 
ness 45-55 Rockwell C hardness was directed at a platinum enriched layer on a CMSX4 nickel superalloy. The steel 
shot had an intensity of 9-12N. measured using Alman strips, and the platinum-enriched layer was peened fortwice the 
length of time. 200% coverage, to peen the surface once. The platinum-enriched layer was examined and there was no 
cracking or delamination. 

[0065] In a second test 1 10R steel shot, steel shot of 1 1/1000 inch (2.7 x lO'^'m or 270iim) diameter and regular 
hardness 45-55 Rockwell C hardness was directed at a platinum enriched l^er on a CMSX4 nickel superalloy. The 
steel shot had an intensity of 6-8A, measured using Alman strips, and the platinum -enriched layer was peened fortwice 
the length of time. 200% coverage, to peen the surface once. The platinum-enriched layer was examined and there was 
no cracking or delamination. This peening introduces a compressive residual stress at the surface of the platinum 
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enriched layer of about 400 MPa. 

[0066] The Alman strips are attached to the component and are subjected to the same treatment as the compo- 
nent. The Alman strips deflect due to the peening and provide a measure of the amount of compressive stress applied 
to the platinum enriched layer. 

5 [0067] It is prefen'ed that the shot peening process uses steel shot of 1 1/1000 inch (2.7 x 1 0'^m or270jim) diameter 
and regular hardness 45-55 Rockwell C hardness, an intensity of 9-1 2N, measured using Alman strips, and the shot 
peening is for twice the length of time, 200% coverage, to peen the surface once. 

[0068] Table 5 compares the onset of cracks in the aluminide coatings on CMSX4 and platinum coatings on CMSX4 
under tensile loads at 650**C and 750^C. It is dear from this table that the platinum enriched layer on the nickel base 
10 superalloy has better strain to crack perfomriance than an aluminide coating. 



Tables 



75 



Coating 


Temperature ""C 


Strain to Crack % 


Aluminium 


650 


0.58 


Platinum 


650 


1.1 


Platinum 


750 


1,6 



20 

[0069] Figure 5 compares the low cycle fatigue characteristics of uncoated CMSX4, low temperature pack alu- 
minised coating on CMSX4, platinum coating on CMSX4 and another commercial aluminised coating on CMSX4 at a 
temperature of esO^'C. It is clear that the uncoated CMSX4 has the best low cycle fatigue life and that the platinum 
coated CMSX4 has a longer low cycle fatigue life than either of the two aluminide coatings on CMSX4. 
25 [0070] Figure 6 compares the low cycle fatigue characteristics at 650°C for notched samples at kt - 2.29 for 
uncoated CMSX4, platinum coating on CMSX4 and the commercial aluminide coating on CMSX4. It is again clear that 
the uncoated CMSX4 has the . best low cycle fatigue i'lfe and that the platinum coated CMSX4 and aluminide coated 
CMSX4 have similar low cycle fatigue lifes. 

[99^1] , The platinum-group metal enriched, layer is very stable due to the stability of the platinum-group metal 
.30 enriched gamma phase and platinum-group metal enriched gamma prime phase. The platinum-group metal enriched 
... layer is,ductile, strain tolerant and is therefprexesistant to cracking. The provision of the platinum-group metal enriched 
, layer on the .roots and/or shanks of the turbine blades therefore will not reduce the fatigue life of the roots and/or shanks 
of the turbine blades. , 

[0072] It is believed that the platinumrgroup metal enriched gamma prime phase and platinum-group metal 
35 enriched gamma phase structure is more ductile than the beta phase platinum aluminide structure because the alurinin- 
ium content is insufficient to form the beta phase platinum aluminide. The platinum-group metal enriched gamma phase 
is soft/ductile compared to beta phase platinum aluminide or simple beta phase aluminide. The platinum-group metal 
enriched gamma prime phase is harder than the platinum-group metal enriched gamma phase but the platinum-group 
metal enriched gamma phase gives the platinum -group metal enriched gamma phase and platinum -group metal 
40 enriched gamma prime phase mixture greater ductility than a beta phase aluminide or beta phase platinum aluminide. 
[0073] .The platinum-group metal enriched layer is suitable for use on the root, shank and internal cooling air pas- 
sages of turiaine blades in combination with a platinum aluminide coating on the aerofoil and platform of the turbine 
blades. This is because the platinum-group metal may be deposited onto the whole of the turtaine blade in a single oper- 
ation and subsequently the aerofoil and platfomri only may be aluminised. This minimises the cost of providing a protec- 
45 tive coating on the root, shank and internal cooling air passages of the turbine blades compared to the provision of a 
chromised coating or a silicon aluminide coating on the root, shank and internal cooling air passages of the turbine 
blades. 

[0074] The coating of the present invention has the advantage of better corrosion resistance over the chromium 
coating. The coating of the present invention has the advantage of better ability to withstand high strain under tensile 
so load and has a better low cycle fatigue life over the aluminide coating. 

[0075] Although the invention has been described as being used on the roots, shanks and internal cooling pas- 
sages of a turtDine blade, which are highly stressed regions of a turiaine blade, it may be used at other highly stressed 
regions of a turi^ine blade, a turbine vane or other metallic article. 

[0076] Although the invention has been described with reference to shot peening of the platinum-group metal 
55 enriched layer, other peening processes and other processes may be used to Impart a compressive stress into the plat- 
inum-group metal enriched layer. 

[0077] Although the invention has been described with reference to turbine blades, the invention is equally applica- 
ble tb turbine vanes and other metallic articles manufactured from nickel base superalloys, cobalt base superalloys or 
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other alloys comprising gamma phase and gamma prime phases. 
C?aims 

'5 1, A method of applying a corrosion protective coating to a metallic article (10). the metallic article (1 0) having at least 
one highly stressed region (16,18,28) comprising the steps of:- 

applying a layer of platinum-group metal to the at least one highly stressed region (16,18,28) of the metallic 
article (10). the metallic article (10) comprising a gamma phase and a gamma prime phase, 
,0 heat treating the metallic article (10) to diffuse the platinum-group metal into the metallic article (10) and 

thereby create a platinum-group metal enriched outer layer (24) on the metallic article (1 0), the heat treatment 
being carried out at a temperature and for a time sufficient such that the platinum-group metal enriched outer 
layer (1 0) of the metallic article (1 0) predominantly comprises a platinum-group metal enriched gamma phase 
(34) and a platinum-group metal enriched gamma prime phase (36). 

2. A method as claimed in claim 1 comprising producing a compressive stress in the platinum-group metal enriched 
outer layer (24) on the metallic article (10). 

3. A method as claimed in claim 1 or claim 2 comprising forming a thin layer of oxide (26) on the platinum-group metal 
20 enriched outer layer (24) of the metallic article (1 0). 

4. A method as claimed in claim 1 , claim 2 or claim 3 wherein the heat treatment is carried out at a temperature of 
lOOO'^Cto 1200^C. 

25 5. A method as claimed in claim 4 wherein the heat treatment is can-ied out at a temperature of 1 1 00*>C to 1 200*C. 

6. A method as claimed in any of claims 1 to 5 wherein the heat treatment is carried out for up to 6 hours. 

7. A method as claimed in any of claims 1 to 6 wherein the platinum-group metal is applied by electroplating, physical 
30 - vapour deposition, chemical vapour deposition, plasma assisted chemical vapour deposition. . . • 

• '8. A method as claimed in any of claims 1 to 7 wherein the platinum-group metal is platinum. 

9. A method as claimed in any of claims 1 to 8 wherein the thickness of the layer of platinum-group metal as applied 
35 before heat treatment being between 2 micrometers and 12 micrometers, 

10. A method as claimed in claim 9 wherein the thickness of the layer of platinum-group metal as applied before heat 
treatment is in the range 6 to 8 micrometers. 

40 11, A method as claimed in any of claims 1 to 1 0 wherein the heat treatment is carried out for up to 2 hours. 

12. A method as claimed in any of claims 3 to 1 1 wherein the thin adherent layer of oxide (26) is fomied by heating the 
platinum-group metal enriched outer layer (24) in an oxygen containing atmosphere. 

45 13. A method as claimed in any of claims 1 to 12 wherein a controlled amount of siRcon, aluminium or chromium is 
applied with or to the layer of platinum-group metal. 

14. A method as clafrned in any of claims 1 to 13 wherein the metallic article (10) comprises a nickel base superalloy 
or a cobalt base superalloy. 

so 

15. A method as claimed in any of claims 1 to 14 wherein the metallic article (1 0) comprises a turiDine blade or a turbine 
vane. 

16. A method as claimed in claim 14 wherein tiie coating is applied to the root (18) and/or shank (16) of the turbine 
55 blade (10). 

1 7. A method as claimed in any of claims 2 to 1 6 wherein the producing of the compressive stress in the platinum-group 
metal enriched outer layer (24) on the metallic article (10) comprises shot peening. laser shock peening or other 
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suitable methods of peening. 

18. A method as claimed in claim 17 wherein the shot peening comprises directing metal particles or ceramic particles 
^ onto the platinum-group metal enriched outer layer (24) on the metallic article (10). 

19. A method as claimed in claim 15 wherein the turbine blade (10) or turbine vane comprises internal cooling pas- 
sages (28), the coating is applied to the internal cooling passage (28). 

20. A con-osion protective coating for a metallic article (10), the metallic article (10) having at least one highly stressed 
region (16,18,28), the metallic article (10) comprising a gamma phase and a gamma prime phase, the corrosion 
protective coating being arranged on the at lest one highly stressed region (16,18,28) of the metallic article (10), 
the corrosion protective coating comprising a platinum-group metal enriched outer layer (24) on the metallic article 
(10), the outer layer (24) of the metallic article predominantly comprising a platinum-group metal enriched gamma 
phase (34) and a platinum-group metal enriched gamma prime phase (36). 

21. A corrosion protective coating for a metallic article as claimed in claim 20 wherein the platinum-group metal 
enriched outer layer (24) has a compressive stress. 

22. A con-osion protective coating for a metallic article as claimed in claim 21 or claim 22 comprising a thin layer of 
oxide (26) on the platinum-group metal enriched outer layer (24) of the metallic article (10). 

23. A corrosion protective coating for a metallic article as claimed in claim 20, claim 21 or claim 22 wherein the plati- 
num-group metal is platinum. 

24. A con-osion protective coating for a metallic article as claimed in claim 20, claim 21, claim 22 or claim 23 wherein 
the platinum-group metal enriched outer layer (24) of the metallic article (1 0) connprises a controlled amount of sil- 
icon, aluminium or chromium. 

25. A corrosion protective coating for a metallic article as claimed in claim 20, claim 21 , clairh 22. claim 23 or claim 24 
wherein the metallic article (1 0) comprises a nickel base superalloy or a cobalt base superalloy. « 

26. A con-osion protective^coating for a metallic article as claimed in any of claims 20 to 25 wherein the hietallic article 
(10) comprises a turbine.blade or a turbine vane. 

27. A con-osion protective coating for a metallic article as claimed in claim 26 wherein the coating is on the root (18) 
and/or shank (1 6) of the turbine blade (1 0). 

28. A corrosion protective coating for a metallic article as claimed in claim 26 wherein the turtDine blade (10) or turbine 
vane comprises an internal cooling passage (28), the coating is applied to the Internal cooling passage (28). 
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